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YDOXHFDQEHORRNHGDWIURPRZQHURUHQGXVHUVLGH3URMHFWYDOXHKDVDXWLOLW\GLPHQVLRQZLWKDQLQWULQVLFSURSHUW\WR
VDWLVI\ >@ 9DOXH(QJLQHHULQJ 9( DOVR UHIHUUHG WR DV9DOXH0HWKRGRORJ\ 90RU9DOXH$QDO\VLV 9$ LV D
V\VWHPDWLFSURFHVVWRLPSURYHWKHYDOXHRIDSURMHFWWKURXJKWKHDQDO\VLVRILWVIXQFWLRQV9DOXHLVGHILQHGDVDIDLU
UHWXUQRUHTXLYDOHQWLQJRRGVVHUYLFHVRUPRQH\IRUVRPHWKLQJH[FKDQJHG>@,QRWKHUZRUGVYDOXHLVWKHUDWLRRI
IXQFWLRQWRFRVWZKHUHWKHYDOXHLVLQFUHDVHGE\HLWKHULQFUHDVLQJWKHIXQFWLRQRUUHGXFLQJWKHFRVWRUE\ERWK9DOXH
(QJLQHHULQJZDVFRQFHLYHGLQWKHGD\VRI:RUOG:DU,,LQWKHVE\/DZUHQFH'0LOHVZKRZDVDWWKDWWLPHWKH
SXUFKDVLQJGHSDUWPHQWPDQDJHUDW*HQHUDO(OHFWULFZKLFKZDVDPDMRUGHIHQVHFRQWUDFWRUKDYLQJVKRUWDJHRIVWUDWHJLF
PDWHULDOVQHHGHG WRSURGXFHWKHLUSURGXFWVGXH WR WKHZDU0U0LOHVIRUPXODWHG WKHFRQFHSWRIIXQFWLRQDQDO\VLV
ZKLFKLVWKHNH\IRXQGDWLRQRI9(0U0LOHVVWXGLHGWKHIXQFWLRQVRISURGXFWVDQGKHLQGLFDWHGWKDWFOLHQWVSXUFKDVH
SURGXFWVHLWKHUIRUWKHZRUNWKH\SHUIRUPRUIRUWKHLUDHVWKHWLFPHULWV6RKHLQYHVWLJDWHGDOWHUQDWLYHVIRUWKHSXUSRVH
RILQFUHDVLQJWKHYDOXHZKLOHDFKLHYLQJWKHVDPHIXQFWLRQVZLWKRXWFRPSURPLVLQJWKHTXDOLW\>@
&OLPDWHFKDQJHLVDIDFWWKDWKDYHEHHQGLVFXVVHGVLQFHGHFDGHVZKHQILUVWWLPHGLVFXVVHGLQDVFLHQWLILFSDSHULQ
>@ ,QWKH,3&&,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJHZDVHVWDEOLVKHGWRDGGUHVV WKHFOLPDWH
FKDQJH LVVXHDQGSUHSDUHGDVVHVVPHQW UHSRUWVDERXW WKHVWDWHRIVFLHQWLILF WHFKQLFDODQGVRFLRHFRQRPLFHFRQRPLF
NQRZOHGJHRQFOLPDWHFKDQJH LQFOXGLQJ LWVFDXVH¶VDVZHOOSRWHQWLDO LPSDFWVDQG WKH UHTXLUHG UHVSRQVHVWUDWHJLHV
5HVLGHQWLDOEXLOGLQJVDUHUHVSRQVLEOHIRUPDMRUHQHUJ\FRQVXPSWLRQLQ(J\SWZKHUHRILWVSRSXODWLRQOLYHVLQ
XUEDQDUHDV,QUHVLGHQWLDOEXLOGLQJVFRQVXPHGQHDUO\RIWKHWRWDOQDWLRQDOO\JHQHUDWHGHOHFWULFLW\>@
,Q(J\SW0DQ\UHVHDUFKHVDQGVFLHQWLILFSDSHUVGLVFXVVHGWKHFOLPDWHFKDQJHLVVXHKRZHYHUWKHSDFHRIFOLPDWH
FKDQJHKDVDFFHOHUDWHGJOREDOO\LQWKHODVWGHFDGHDWWKHVDPHWLPHHFRQRPLFVRFLDODQGSROLWLFDOGLVDUUD\LQ(J\SWLQ
ODVW IHZ \HDUV WKUHDWHQHG WKH DFKLHYHPHQW RI D VXVWDLQDEOH GHYHORSPHQW 7KH FRPELQDWLRQ RI WKHVH IDFWRUV KDV D
GUDPDWLFHIIHFWRQSHRSOHDQGHFRQRP\LIQRWWDNHQLQWRFRQVLGHUDWLRQGXULQJWKHGHVLJQDQGFRQVWUXFWLRQSURFHVV

1RPHQFODWXUH
((& (J\SWLDQHQHUJ\FRGHIRUUHVLGHQWLDOEXLOGLQJV
)/& IRDPHGOLJKWZHLJKWFRQFUHWH
9( YDOXHHQJLQHHULQJ
;36 H[WUXGHGSRO\VW\UHQH

9(0HWKRGRORJ\
)RU DQ\ FHUWDLQ SURMHFW WKH 9( VWXG\ LV DSSOLHG E\ D PXOWLGLVFLSOLQDU\ WHDP WR LPSURYH LWV YDOXH 6$9(
,QWHUQDWLRQDOVHWVVHTXHQWLDOSKDVHVIRUSHUIRUPLQJDVXFFHVVIXO9(VWXG\7KHSKDVHVDUHGLVWULEXWHGLQVWDJHV
SUHZRUNVKRS VWDJHZRUNVKRS VWDJH DQG SRVWZRUNVKRS VWDJH7KHPHWKRGRORJ\ RI WKH 6$9( ,QWHUQDWLRQDO9(
VWXGLHVLQFOXGLQJVWDJHVDQGSKDVHVLVVKRZQLQ)LJXUH
7KHVFRSHRIWKLVSDSHUFRYHUVWKHSKDVHVRIWKHZRUNVKRSVWDJHVWDJHZKLFKDUHWKHPRVWWHFKQLFDOVWDJHLQ
QDWXUH9(VWXG\3KDVHVLQVWDJHDUH
x ,QIRUPDWLRQ3KDVH
x )XQFWLRQ$QDO\VLV3KDVH
x &UHDWLYLW\3KDVH
x (YDOXDWLRQ3KDVH
x 'HYHORSPHQW3KDVH
x 3UHVHQWDWLRQ3KDVH
7KHVWXG\ZHQWWKURXJKWKHSKDVHVRIWKH9(VWXG\DOWKRXJKWKHSDSHUZLOOKLJKOLJKWWKH'HYHORSPHQW3KDVH
ZKLFKLVWKHPRVWFULWLFDOSKDVHIRUDQ\9(VWXG\

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)LJ9DOXH6WXG\3URFHVV)ORZ'LDJUDPE\6$9(,QWHUQDWLRQDO
9DOXHPHWKRGRORJLHVFDQEHDSSOLHGGXULQJDQ\VWDJHRIDSURMHFWGHYHORSPHQWF\FOHDOWKRXJKWKHJUHDWHVWEHQHILW
DQGUHVRXUFHVDYLQJVDUHW\SLFDOO\DFKLHYHGHDUO\LQGHYHORSPHQWGXULQJWKHFRQFHSWXDOVWDJHVDVVKRZQLQ)LJXUH
$WWKLVSRLQWWKHEDVLFLQIRUPDWLRQRIWKHSURMHFWLVHVWDEOLVKHGEXWPDMRUGHVLJQDQGGHYHORSPHQWUHVRXUFHVKDYHQRW
\HWEHHQFRPPLWWHG7KHUHDVRQWKLVLVWKHEHVWWLPHWRDSSO\DYDOXHPHWKRGRORJ\LVEHFDXVHWKHPDQQHULQZKLFKWKH
EDVLF IXQFWLRQ RI WKH SURMHFW LV SHUIRUPHG KDV QRW EHHQ HVWDEOLVKHG DQG DOWHUQDWLYHZD\VPD\ EH LGHQWLILHG DQG
FRQVLGHUHG>@









)LJ7KHSKDVHVRIWKHSURMHFWDQGLWVUHODWLRQZLWKWKHH[SHFWHGVDYLQJVE\6$9(,QWHUQDWLRQDO
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&DVH6WXG\
7KHSURMHFWXQGHUWKHVWXG\LVDOX[XULRXVUHVLGHQWLDOFRPSRXQGLQFOXGLQJUHVLGHQWLDOXQLWVRYHUVTP
LVORFDWHGLQWRWKHVRXWKZHVWFRUQHURIKXJHODQG'HYHORSPHQWDQGRIIHUVGLIIHUHQWGHVLJQVDQGVW\OHVWRPHHWDOOQHHGV
DQGWDVWHVUDQJLQJIURPGXSOH[YLOODVWRVLQJOHYLOODV7KHPDLQUHDVRQIRUWKH9(ZRUNVKRSLVGXHWRWKHVLJQLILFDQFH
HVWLPDWHG&RQVWUXFWLRQFRVWVWKDWFDXJKWWKHH\HRIH[HFXWLYHPDQDJHPHQW7KHRZQHUZDVQ¶WFRQFHUQHGDWWKLVVWDJH
ZLWKWKHHQYLURQPHQWDOVLGHDQGLWVHIIHFWRQWKHSURMHFWVXVWDLQDELOLW\7KHSXUSRVHRIWKH9(ZRUNVKRSZDVWRYHULI\
RUUHFRPPHQGLPSURYHPHQWIRUWKHEDVHGHVLJQFDVHSUHVHQWHGE\WKH3URMHFW7HDP'HVLJQFULWHULDDQG'HVLJQ
DSSURDFKIRUWKH3URMHFW
2.1. The Value engineering Study 
7KH9(VWXG\IROORZHG6$9(LQWHUQDWLRQDOPHWKRGRORJ\WKURXJKDOOWKHVWXG\7KHVWXG\HPSKDVL]HGWKHPDLQ
REMHFWLYHRIWKHYDOXHHQJLQHHULQJZKLFKDLPVWRLPSURYHWKHYDOXHRIWKHSURMHFWLQWHUPVRIWKHIROORZLQJHTXDWLRQ

Cost
ePerformanc
Value    
7KHRSWLPXPFDVHLVWRLQFUHDVHWKHSHUIRUPDQFHDQGUHGXFHWKHFRVWLISRVVLEOHEXWKRZHYHULIFRVWVWLOOWKHVDPH
DQGWKHSHUIRUPDQFHRIWKHSURMHFWLVLQFUHDVHGLQWHUPVRIRSHUDWLRQVDQGFOLHQWVDWLVIDFWLRQVWKHQWKHYDOXHRIWKH
SURMHFWZLOOLQFUHDVHWRRZKLFKZDVWKHPDLQREMHFWLYHRIWKLVVWXG\
2.1.1. Information phase 
,QIRUPDWLRQ3KDVHZKLFKLVWKHILUVWSKDVHLQD9(VWXG\LQZKLFKWKH9(WHDPFROOHFWHGDOOWKHGRFXPHQWVDYDLODEOH
DVZHOODVWKHSURMHFWGULYHUV7KH9(WHDPOHDGHUSUHSDUHGDFRVWPRGHOIURPWKHFRVWHVWLPDWHSURYLGHGE\WKHSURMHFW
WHDP7KHPRGHOLVRUJDQL]HGWRLGHQWLI\PDMRUFRQVWUXFWLRQHOHPHQWVRUWUDGHFDWHJRULHV WKHGHVLJQHU
VHVWLPDWHG
FRVWVDQG WKHSHUFHQWRI WRWDOSURMHFWFRVW IRU WKHVLJQLILFDQWFRVW LWHPV7KHFRVWPRGHOVFOHDUO\VKRZHGWKHFRVW
GULYHUVIRUWKHSURMHFWDQGZHUHXVHGWRJXLGHWKH9(WHDPGXULQJWKH9(VWXG\
7KHIROORZLQJFRQFOXVLRQVZHUHQRWHGE\WKH9(WHDPUHJDUGLQJWKHSURMHFWFRVWV
7DEOH&RVWPRGHO±%DVHOLQHFRQFHSW
,WHPV 3HUFHQWRIWKHWRWDO
$UFKLWHFWXUH6\VWHP 
6WUXFWXUH6\VWHP 
(OHFWULFDO6\VWHP 
3OXPELQJ6\VWHP 
(OHYDWRUV:RUN 
,WZDVREYLRXVIURPWKHDERYHWKDWWKH6WUXFWXUH6\VWHPSHUFHQWDJHLVVLJQLILFDQWO\KLJKZKLFKKHOSHGWKH9(WHDP
WKURXJKWKHUHVWRIWKH9(ZRUNVKRSDOWKRXJKLWGLGQ¶WUHVWUDLQWRUOLPLWWKHFUHDWLYLW\SKDVH
2.1.2. Function analysis phase 
)XQFWLRQDQDO\VLVUHVXOWVLQDXQLTXHYLHZRIWKHVWXG\SURMHFWLWLVWKHNH\DFWLYLW\WKDWGLIIHUHQWLDWHV9(IURP
RWKHUSUREOHPVROYLQJSUDFWLFHV,WWUDQVIRUPVSURMHFWHOHPHQWVLQWRIXQFWLRQVZKLFKPRYHVWKH9(WHDPPHQWDOO\
DZD\IURPWKHRULJLQDOGHVLJQDQGWDNHVLWWRZDUGDIXQFWLRQDOFRQFHSWRIWKHSURMHFW)XQFWLRQVDUHGHILQHGLQYHUE
QRXQVWDWHPHQWVWRUHGXFHWKHQHHGVRIWKHSURMHFWWRWKHLUPRVWHOHPHQWDOOHYHO,GHQWLI\LQJWKHIXQFWLRQVRIWKHPDMRU
GHVLJQHOHPHQWVRIWKHSURMHFWDOORZVDEURDGHUFRQVLGHUDWLRQRIDOWHUQDWLYHZD\VWRDFFRPSOLVKWKHIXQFWLRQV7KH
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SURMHFWKDVPDLQEDVLFIXQFWLRQVZKLFKLVKRXVLQJSHRSOH$VIRUWKHVWUXFWXUHV\VWHPLWKDVWZRPDLQIXQFWLRQVZKLFK
DUH3URYLGH6WDELOLW\DQG3HUIRUP&RQVWUXFWLRQ
2.1.3. Creativity and evaluation phase 
'XULQJWKHFUHDWLYLW\SKDVHWKHUHZDVQ¶WDQ\OLPLWDWLRQVWKH9(WHDPXVHGPDQ\RIWKHZHOOUHFRJQL]HGWHFKQLTXHV
UHFRPPHQGHGWREHXVHGLQWKLVVWDJHVXFKDVEUDLQVWRUPLQJ*RUGRQWHFKQLTXHQRPLQDOJURXSWHFKQLTXH75,=DQG
6\QHWLFV7KHQGXULQJWKHHYDOXDWLRQSKDVHWKH9(WHDPVWDUWHGWRHYDOXDWHWKHREWDLQHGLGHDVDQGUHGXFHWKHLUTXDQWLW\
WRDVKRUWOLVWRILGHDVZLWKWKHJUHDWHVWSRWHQWLDOWRLPSURYHWKHSURMHFW7KH9(WHDPILOWHUHGRXWWKHQRQEHQHILFLDO
LGHDVXVLQJWKH3XJKDQDO\VLV.HSQHU7UHJRHPDWUL[OLIHF\FOHFRVWLQJDQGFKRRVLQJE\DGYDQWDJHV&%$
2.1.3.1. The evaluation of the Idea under study 
2QHRIWKHLGHDVGLVFXVVHGDQGVKRUWOLVWHGZDVWKHUHSODFHPHQWRIWKHOLJKWZHLJKWFRQFUHWHXVHGLQWKHURRIOD\HUV
WREH)RDPHG/LJKWZHLJKWFRQFUHWH)/&7KH9(WHDPVWXGLHGWKHSRVVLELOLW\WRRPLWWKHH[WUXGHG3RO\VW\UHQHOD\HU
;36XVHGIRUWKHKHDWLQVXODWLRQDVZHOODVWKH:DWHUSURRILQJPHPEUDQHVDQGWRXVHLQVWHDGWKHIRDPHGOLJKWZHLJKW
FRQFUHWHRQO\DVLWLVNQRZQZLWKLWVKLJKHUWKHUPDOSHUIRUPDQFHWKDQWKHQRUPDOOLJKWZHLJKWFRQFUHWH7KHLGHDZDV
HYDOXDWHGEDVHGRQWKHIROORZLQJDGYDQWDJHVDQGGLVDGYDQWDJHV
x $GYDQWDJHV
 5HGXFHLQLWLDOFRVWE\RPLWWLQJWKHH[WUXGHGSRO\VW\UHQHOD\HU
 5HGXFHGHDGORDGRYHUWKH6WUXFWXUDOVODEKHQFHUHGXFHWKHVODEWKLFNQHVVZKLFKZLOOKDYHDQLPSDFWRYHU
WKHFRVW 
x 'LVDGYDQWDJHV
 7KH)/&KDYHHVSHFLDOPHWKRGRIDSSOLFDWLRQWKDWFRXOGDIIHFWWKHFRQVWUXFWLRQWLPH
2.1.4. Development phase 
7KHDLPRIWKLVSKDVHZDVWRSURYLGHIXUWKHUDQDO\VLVWRWKHOLVWRILGHDVZLWKWKHKLJKHVWPHULWLQWRYDOXHDOWHUQDWLYHV
IURP WKHHYDOXDWLRQSKDVH7KH LGHDVZHUHGHYHORSHG IXUWKHU LQWRYDOXHDOWHUQDWLYHV WKDWFOHDUO\ VWDWHGVR WKDW WKH
VWDNHKROGHUVKDYHFOHDUXQGHUVWDQGLQJRIWKHLULPSDFWVVDYLQJVDQGHIIHFWVRQYDOXH'XULQJWKLVSKDVHWKH9(WHDP
KDGWRJHWPRUHIDPLOLDUZLWKWKHPHWKRGRIDSSOLFDWLRQRIWKH)/&DQGWRVWXG\LWVLPSDFWRYHUWKHSURMHFWFRVWDQG
FRQVWUXFWLRQWLPH
,WZDVGHFODUHGE\WKHPDWHULDOVXSSOLHUWKDWWKHUHDUHIHZFRQWUDFWRUVWKDWKDYHWKHNQRZKRZRIWKHDSSOLFDWLRQRI
WKH)/&ZKLFKFDQDIIHFWGUDPDWLFDOO\WKHFRVWDQGWKHWLPH&RQVLGHULQJWKDWWKHVWXG\ZDVSHUIRUPHGLQDQHDUO\
VWDJH LW KHOSHG SURYLGLQJ UHFRPPHQGDWLRQV WKDW KHOSHG WR DSSO\ WKH LGHD RI )/& LQVWHDG RI OLJKWZHLJKW FRQFUHWH
ZLWKRXWDIIHFWLQJFRVWDQGWLPH
7KH9(WHDPZHQWWKURXJKWKHFRVWVWXG\DVWKHOLJKWZHLJKWFRQFUHWH;36DQG:DWHUSURRIPHPEUDQHDUHDSSOLHG
RYHUDQDUHDRIPDQGWKH;36DQGWKHZDWHUSURRILQJPHPEUDQHVZDVHVWLPDWHGWRXVHWKHVDPHDUHD
7DEOH&RPSDULVRQEHWZHHQWKHOD\HUVLQEHIRUHDQGDIWHU9(
/D\HUV 5RRI/D\HUV%HIRUH9( 5RRI/D\HUV$IWHU9(
)LQLVK/D\HU FPPRVDLFWLOHV FPPRVDLFWLOHV
8QGHUOD\HUILQLVKHV FPFHPHQWPRUWDU FPFHPHQWPRUWDU
 FPVDQG FPVDQG
7KHUPDO,QVXODWLRQ FP;367KHUPDOLQVXODWLRQ 
:DWHUSURRILQJ
LQVXODWLRQ
3ULPHU&RDW
%LWXQLOPPPHPEUDQH
%LWXWHUPPPHPEUDQH
$FU\OLFUHLQIRUFHGFHPHQWEDVHG
ZDWHUSURRILQJFRDW
 /LJKWZHLJKW&RQFUHWH /LJKWZHLJKW&RQFUHWH

&RQVLGHULQJWKHDERYHPHQWLRQHGDUHDDQGWKHXQLWUDWHVIRUERWK;36DQGZDWHUSURRILQJPHPEUDQHVDQGDIWHU
FDOFXODWLQJWKHXQLWUDWHIRUWKHQHZDOWHUQDWLYHDIWHUWKH9(VWXG\WKHFDOFXODWHGGLUHFWVDYLQJVZHUHDERXWRI
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WKHRULJLQDOURRIOD\HUVFRVW$IWHUFDOFXODWLQJWKHLPSDFWRIWKHQHZDOWHUQDWLYHRYHUWKHVWUXFWXUHV\VWHPURRIVWUXFWXUH
VODEWKHUHGXFWLRQRIWKHVWUXFWXUHVODEWKLFNQHVVUHDFKHGXSWR
2QRWKHUKDQGVWKH)/&QHHGVWRDGGDQDGPL[WXUHWRWKH/LJKWZHLJKWFRQFUHWHWKDWPXVWEHDSSOLHGLQFRPELQDWLRQ
ZLWKDZDWHUSUHVVXUHRIEDULIOHVVSUHVVXUHLVLQSODFHWKHIRDPZLOOEHWRRZDWHU\DQGLWZLOOEHGLIILFXOWWRJHW
DVWDEOHGHQVLW\IRUWKH&RQFUHWH5RRI1HYHUWKHOHVVWKHDGPL[WXUHPXVWEHDSSOLHGE\XVLQJD)RDP*XQZKHUHWKH
LQSXWZLOOEHWKH:DWHUXQGHUWKHEDUSUHVVXUHDQGWKH2XWSXWZLOOEHWKHUHTXHVWHG4XDQWLW\RI)RDP7KH4XDQWLW\
RIUHTXLUHGIRDPWRDFKLHYHDFHUWDLQGHQVLW\LVDIXQFWLRQRIWKHSUHVVXUHDQGWKHWLPHWKHOLJKWHU&RQFUHWHZH
QHHGWKHPRUHWLPHZHQHHGSOXVDKLJKHUGRVDJHRIDGPL[WXUHZLOOEHXVHG,WLVLPSRVVLEOHWRDSSO\WKHDGPL[WXUH
ZLWKRXW WKH*XQDQGZLWKRXWD WUXFNPL[HUZKHUHWKHPL[LQJSURFHGXUHLVKRPRJHQHRXVDQGGHQVLW\ZLOOEHFRPH
VWDEOH7KXVWKH9(WHDPUHFRPPHQGHGWRWHQGHUWKH&RQFUHWHZRUNVWRWKHFRQWUDFWRUVKDYLQJSUHYLRXVH[SHULHQFH
ZLWKWKHDSSOLFDWLRQRIWKH)/&ZKLFKZLOOVDYHFRVWDQGZLOOHQVXUHWRREWDLQWKHUHTXLUHGTXDOLW\RIWKH)/&
2.2. The Sustainability Impact of the New Alternative 
6XVWDLQDELOLW\DFFRXQWVRYHUWKUHHPDLQERWWRPOLQHVZKLFKDUHHFRQRP\HQYLURQPHQWDQGVRFLHW\7KHHFRQRP\
ZDV GLVFXVVHG WKURXJK WKH YDOXH HQJLQHHULQJ VWXG\ (QYLURQPHQW DQG VRFLHW\ DUH SURJUHVVLYHO\ GLVFXVVHG E\
VXVWDLQDELOLW\FRQVLGHUDWLRQ7KHHQYLURQPHQWLVZHOOFRQVLGHUHGWKURXJKPDWHULDOVHOHFWLRQVGHVLJQFRQVLGHUDWLRQVDV
ZHOOHQHUJ\FRQVHUYDWLRQ
(QHUJ\HIILFLHQF\LVDVLJQLILFDQWLVVXHIRUKLJKTXDOLW\KRXVLQJ(QHUJ\QRWRQO\FRUUHVSRQGVWRKLJKSHUFHQWDJH
RIWKHUXQQLQJFRVWRIEXLOGLQJVEXWLWDOVRKDVDPDLQHIIHFWRQWKHWKHUPDOFRPIRUWRIWKHRFFXSDQWV7KHVHGD\VWKH
GHPDQGIRUHQHUJ\HIILFLHQWGHVLJQDQGFRQVWUXFWLRQKDVEHFRPHSURJUHVVLYHO\PRUHYLWDOZLWKWKHJURZLQJRIHQHUJ\
FRVWVDQGLQFUHDVLQJDZDUHQHVVRQWKHHIIHFWVRIJOREDOZDUPLQJ
2QHRIWKHPHWKRGVWRGHFUHDVHWKHHQHUJ\FRQWHQWLVWKURXJKVHOHFWLRQRIEXLOGLQJPDWHULDOV6WUDLQRQFRQYHQWLRQDO
HQHUJ\FDQEHUHGXFHGE\XWLOL]DWLRQRIORZHQHUJ\PDWHULDOVDQGHIILFLHQWVWUXFWXUHGHVLJQ7KHFKRLFHRIPDWHULDOV
DOVRKHOSVWRPD[LPL]HLQGRRUFRPIRUW>@
2.2.1. Thermal characteristics for FLC  
7KHKHDWWUDQVSRUWEHWZHHQWZRREMHFWVWKURXJKWKUHHPDLQPHWKRGVFRQGXFWLRQLQGLUHFWFRQWDFWUDGLDWLRQDQG
FRQYHFWLRQ&RQGXFWLRQ LVGRQHEHWZHHQVROLGREMHFWV WKXV WKLVPHWKRGFKDUDFWHUL]HG WKHGLIIHUHQW VROLGPDWHULDOV
WKHUPDOFKDUDFWHULVWLFV7KHUPDO&RQGXFWLYLW\NLVWKHSURSHUW\RIDPDWHULDOGHVFULELQJLWVDELOLW\WRFRQGXFWKHDW
7KHUPDOUHVLVWDQFH59DOXHLVWKHPDWHULDO
VUHVLVWDQFHWRFRQGXFWLYHKHDWWUDQVIHU7KH5YDOXHLVDPHDVXUHRIDQ
LQVXODWLRQVDPSOH
VDELOLW\WRUHGXFHWKHUDWHRIKHDWIORZXQGHUVSHFLILHGWHVWFRQGLWLRQV7KHKLJKHUWKHYDOXHRI5
WKH EHWWHU WKH EXLOGLQJ LQVXODWLRQ
V WKHRUHWLFDO HIIHFWLYHQHVV >@ 7R GHFUHDVH WKH KHDW JDLQ WKURXJK WKH EXLOGLQJ
HQYHORSHLW LVHVVHQWLDO WRFKRRVHPDWHULDOVZLWKKLJK5YDOXH7KHIRDPHGFRQFUHWHKDVEHHQDFNQRZOHGJHIRU LWV
VXSHULRUSHUIRUPDQFHLQWKHUPDOLQVXODWLRQFKDUDFWHULVWLFVGXHWRLWVFHOOXODUPLFURVWUXFWXUH
7KHGHQVLW\RIWKH)/&LVEHWZHHQNJPKHQFHWKHWKHUPDOFRQGXFWLYLW\IRU)/&ZLWKWKLVGHQVLW\LV
UHSRUWHGWREHRQHVL[WKWKHYDOXHRIW\SLFDOFHPHQWVDQGPRUWDU>@
5HVHDUFKHVDQGH[SHULPHQWVVKRZHGWKDWWKHWKHUPDOFRQGXFWLYLW\RIWKH)/&ZLWKWKHUHTXLUHGGHQVLWLHVYDULHV
IURP:P.>@:KLOHWKHWKHUPDOFRQGXFWLYLW\IRURUGLQDU\KHDWLQVXODWLQJPDWHULDOVUDQJHIURPWR
:P.>@ 
2.2.2. Thermal performance of the VE alternative  
$VDQLPSRUWDQWVWHSLWZDVSUHVHQWHGWRWKHSURMHFWRZQHUWKHLPSRUWDQFHRIWKHVXVWDLQDELOLW\FRQVLGHUDWLRQVDVLW
ZLOOKHOSLPSURYHWKHYDOXHRIWKHSURMHFW,WZDVGLVFXVVHGWKHHIIHFWRIWKHKLJKWKHUPDOSHUIRUPDQFHRIWKH)/&DQG
LWVHIIHFWRQUHGXFLQJHQHUJ\ORDGVWKXVUHGXFLQJHOHFWULFLW\FRQVXPSWLRQDQGUHGXFLQJWKHHOHFWULFELOOV
)ROORZLQJWRWKHFRVWVWXG\IXUWKHUVWXGLHVZHUHFRQGXFWHGRQWKH)/&DOWHUQDWLYHWRHQVXUHLWVHIIHFWLYHQHVVRQDOO
WKHDVSHFWVWKDWFDQDIIHFWWKHSURMHFWYDOXH$FRPSDUDWLYHWKHUPDOFDOFXODWLRQIRUERWKGHVLJQVRULJLQDOGHVLJQDQG
WKH9(GHVLJQZHUHFDOFXODWHGDQGVWXGLHGWRPHDVXUHWKHWKHUPDOSHUIRUPDQFHRIWKHWZRV\VWHPVDQGWKHUHVXOWV
ZDVDVVKRZQLQ)LJXUHDQG

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,WZDVFRQVLGHUHGWKDWWKH5YDOXHIRUWKHURRIOD\HUVPHHWWKHUHTXLUHPHQWRIWKH(J\SWLDQ(QHUJ\&RGHIRU
UHVLGHQWLDOEXLOGLQJVZKLFKLVUHTXLUHGWREHPNZ>@
5HVXOWV'LVFXVVLRQ
7KHVWXG\VKRZHGWKDWWKH)/&KDVDKLJKHU5YDOXHKHQFHDKLJKHUWKHUPDOLQVXODWLRQZKLFKZLOOHQVXUHDEHWWHU
WKHUPDOSHUIRUPDQFHLQVLGHWKHEXLOGLQJHVSHFLDOO\LQWKHODVWIORRU$QRSWLPL]HGEXLOGLQJGHVLJQZLOOKHOSUHGXFLQJ
HQHUJ\XVHZKHQLWLQFOXGHVORDGUHGXFWLRQ7KHDSSOLFDWLRQRI)/&ZLWKDZDWHUSURRILQJDGPL[WXUHZLOOKHOSJLYLQJ
DZD\WKHXVHRIELWXPLQRXVPHPEUDQHZLWKDOOWKHLUQHJDWLYHLPSDFWVRQWKHHQYLURQPHQWGXULQJWKHSURGXFWLRQDQG
DSSOLFDWLRQDVZHOO
2QWKHRWKHUKDQGWKHXVHRI)/&DORQHFDQ¶WUHSODFHWKHXVHRIDWKHUPDOLQVXODWLRQPDWHULDORYHUURRIOD\HUV7KH
WKHUPDOFDOFXODWRUXVHGLQWKHVWXG\VKRZHGWKDW5YDOXHRIURRIOD\HUVZKHQXVLQJ)/&ZLWKRXWWKHDSSOLFDWLRQRID
WKHUPDOLQVXODWLRQOD\HUZDVIDUORZHUWKDQWKHYDOXHUHTXLUHGWREHDFKLHYHGE\WKH((&ZKLFKZDVDURXQGPNZ
$FFRUGLQJO\LWZDVUHTXLUHGWRUHFDOFXODWHWKH5YDOXHRIWKHURRIOD\HUVDIWHUDGGLQJDWKHUPDOLQVXODWLRQPDWHULDODV
WKH;36ZLWKDGHQVLW\RINJPWKH5YDOXHRIWKHURRIOD\HUVLQJHQHUDOLPSURYHGWREHPNZZKLFKLVFORVH
WRWKHYDOXHUHTXLUHGE\WKH((&
$VLPXODWLRQVWXG\IRUWKHHYDOXDWLRQRIHQHUJ\VDYLQJIRUWKHVDPHSURMHFWVKRZHGWKDWWKH5YDOXHUHTXHVWHGE\
WKH((&KHOSHGUHGXFHWKHHQHUJ\FRQVXPSWLRQORDGIRUWKHODVWIORRUE\>@,QWKLVVWXG\WKHDFKLHYHG5YDOXH
KHOSHGUHGXFHWKHHQHUJ\FRQVXPSWLRQORDGIRUWKHVDPHIORRUE\
&RQFOXVLRQ
9DOXHHQJLQHHULQJLVDSRZHUIXODSSURDFKIRUFRVWVDYLQJDQGTXDOLW\LPSURYHPHQW'HVSLWHLWVZRUOGZLGHNQRZQ
EHQHILWVLWLVQRWDSSOLHGLQSURSHUPHWKRGRORJLHVLQ(J\SWDQGLWLVXVXDOO\PL[HGXSZLWKWKHFRQFHSWRIFRVWVDYLQJ
WKXVSUDFWLWLRQHUVILQGWKHPVHOYHVUHGXFLQJFRVWRQE\MHRSDUGL]LQJLPSRUWDQWHOHPHQWVVXFKDVTXDOLW\DQGIXQFWLRQ
6XVWDLQDELOLW\DVZHOOLVQRW\HWFDWHJRUL]HGDVDQLPSRUWDQWIDFWRUIRUWKHSURMHFWSHUIRUPDQFHKHQFHWKHSURMHFWYDOXH
7KLVSDSHULOOXVWUDWHGWKH9(PHWKRGRORJ\SURYLGHGE\6$9(,QWHUQDWLRQDOZKLFKLVFRQVLGHUHGWKHRIILFLDOVRFLHW\
IRUYDOXHHQJLQHHULQJSUDFWLWLRQHUVDQGSURYLGHGDFDVHVWXG\ZKLFKKDVEHHQGHYHORSHGDQGVWXGLHGRYHUWKHWKUHH
PDLQD[HVRI WKHVXVWDLQDELOLW\HFRQRPLFDOO\HQYLURQPHQWDOO\DQGVRFLDOO\7KHSDSHUVKRZHGWKDWSURMHFWYDOXH
FRXOG LPSURYHZKHQFRQVLGHULQJ WKHVH WKUHH IDFWRUV7KLV DFFHQWXDWHG WKH LQWHJUDWLRQDQG WKH HIIHFWRI WKH9DOXH
HQJLQHHULQJDQGVXVWDLQDELOLW\JRDOVRYHUSURMHFWYDOXH7KHSDSHUVKRZHGWKDWWKHDOWHUQDWLYHSURSRVHGWKURXJKWKH
9(VWXG\LQWHJUDWHGZLWKVXVWDLQDELOLW\FRQVLGHUDWLRQVDFKLHYHGFRVWVDYLQJIURPWKHLWHPDVZHOODVWKHUPDO
LQVXODWLRQLPSURYHPHQWRIDERXW
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